INTRODUCTION
Length-and age-based information provide some of the most important data on life history characteristics used to assess the exploitation status of harvested populations of fish and to examine the appropriateness of different fishery and conservation management strategies (Hilborn & Walters 1992 , Lai et al. 1996 , Quinn & Deriso 1999 , Babcock et al. 2013 . In par ticular, demographic parameters including rates of growth, longevity and mortality derived from length-and age-based data are routinely incorporated into population and fishery assessment models (Ricker 1975 , Quinn & Deriso 1999 , Patterson et al. 2001 , Marriott et al. 2011 . Knowledge of temporal and spatial changes in such demographic characteristics along with the length and age compositions of populations, including the harvested component, can help determine not only fishery-associated impacts, but also other anthropogenic and environmental per-ABSTRACT: Length-and age-based information is used to assess the exploitation status of harvested populations of fish worldwide. This study examined variability in length-at-age, length and age compositions and derived demographic parameters of Acanthopagrus australis (Sparidae) captured in beach seines in 3 estuaries across 5 yr. The method of ageing fish by counting opaque growth zones on sagittal otoliths was validated by field and aquaria studies. Length-at-age relationships varied according to gender, age class and estuary. Females older than 3 yr had a significantly greater mean length-at-age than males, and this was consistent across all estuaries. For both genders, mean length-at-age of fish older than 4 yr was greatest in the southernmost estuary, and least in the northernmost estuary, suggesting differential growth dynamics among estuaries. Observed longevity differed among estuaries, ranging from 14 to 22 yr. Variations in length composition of retained catches were subtler than those for age composition. The average age of fish in catches varied among estuaries from 4.2−5.1 yr to 6.8−8.2 yr even though fish within 5 cm of the minimum legal length dominated catches in all estuaries. Estimates of total and fishing mortality varied 3-fold among estuaries, with fishing mortality exceeding natural mortality. Variability in demographic characteristics was generally greater among estuaries than among years within each estuary. These results show that the population demographics and ensuing assessments should not be extrapolated across estuaries or from one estuary to the entire A. australis population. Length is a poor predictor of age and future sampling of populations must be age-based and stratified to account for estuary-specific variation in demography. Failure to account for such variability could confound assessments and management deliberations necessary for determining the most appropriate harvest and conservation strategies for such species.
KEY WORDS: Sparidae · Otolith · Ageing · Mortality · Sampling design · Demographic analysis · Fishery assessment OPEN PEN ACCESS CCESS turbations on populations (Walters & Martell 2004 , Begg et al. 2005 , Williams et al. 2009 ).
Relationships between length-at-age and demographic characteristics of fish are known to vary over a hierarchy of spatial scales (Gust et al. 2002 , Sinclair et al. 2002 , Choat & Robertson 2002 , Williams et al. 2003 . For example, some tropical reef-associated fish display differing rates of growth, longevity and age characteristics across spatial scales ranging from among localized clusters of patch reefs within a reef system to among reef systems across broad geographic regions (Newman et al. 1996 , Meekan et al. 2001 , Williams et al. 2003 , Ruttenberg et al. 2005 . Similarly, some estuarine-associated teleosts display widely differing growth and demographic parameters among estuaries of differing geomorphic and environmental conditions (Sarre & Potter 2000 , Bedee et al. 2002 , Walsh et al. 2010 . Moreover, latitudinal gradients in demographic characteristics of teleosts distributed over wide geographic distances are common (Vila-Gispert et al. 2002 , Heibo et al. 2005 , Lombardi-Carlson et al. 2008 , Sala-Bozano & Mariani 2011 , Stocks et al. 2014 . The extent of spatial variations in length-at-age and demography among populations can vary temporally, depending on rates of immigration and emigration (Sinclair et al. 2002 , Williams et al. 2007 .
Such variations in length-at-age can affect determinations of age compositions and rates of mortality and exploitation for establishing appropriate harvest and conservation strategies of exploited species (Newman et al. 2000 , Campana 2001 , Sinclair et al. 2002 , Williams et al. 2007 . It is imperative that species-specific levels of plasticity in length-at-age relationships and age-based parameter derivations of demographic characteristics be understood and incorporated into sampling designs and monitoring strategies (Williams et al. 2003) . This includes the fishery-dependent sampling of the length and age compositions of the retained component of commercial and recreational catches (i.e. landings) of exploited species; a standard practice used by many fisheries agencies to obtain species-specific demographic information for monitoring and assessment purposes (Doubleday & Rivard 1983 , Stewart & Hughes 2009 , Marriott et al. 2011 . This is particularly pertinent for species distributed over wide geographic expanses and captured across different fishery sectors. Failure to incorporate such information could potentially confound population assessments and subsequent management decisions.
This study investigates variability in the length-atage and age-derived demographic parameters of the harvested teleost Acanthopagrus australis (Sparidae). The Sparidae is a diverse family of fish exploited in fisheries in tropical and temperate waters worldwide (Gonçalves et al. 2003 , Grandcourt et al. 2004 , Pajuelo & Lorenzo 2004 , Vitale et al. 2011 . A. australis occupies various habitats in estuaries and coastal waters across 20 degrees of latitude (19−30°S; 2200 km) along the east coast of Australia (Kailola et al. 1993 , Gray et al. 1996 , Kingsford 2002 . It is a generalist carnivore (Bell et al. 1984) and is one of the most sought after fish species harvested by commercial, recreational and indigenous fishers in estuaries, with reported total harvests estimated to be around 1500 to 2000 tonnes per annum (Henry & Lyle 2003 , Rowling et al. 2010 ). The species is captured commercially using several active and passive gears, including beach seines, trawls, traps and gillnets across various fishery sectors. Hermaphroditism has been observed in the species (Pollock 1985) , but the age and proportions of fish that change sex throughout the species range have not been quantified. Patterns of juvenile growth (Worthington et al. 1992 , Griffiths 2001 and that of adults (combined across genders) in the species' northern range (Pollock 1982) have been partially described. There is a lack of information, however, concerning the extent of plasticity in length-at-age and growth characteristics of the species across estuaries and throughout its distribution. Moreover, spatial variability in demographic characteristics, including length and age compositions and rates of longevity and mortality, has not been investigated. Such information is required for incorporation into population and fisheries assessments of the species and for determining appropriate future sampling strategies.
In this study, retained commercial catches of A. australis taken in beach seines were sampled across 3 estuaries for 5 yr to assess spatial and temporal variability in key demographic parameters. The study also incorporated field-and aquaria-based validations of counting opaque growth zones on sectioned otoliths as an ageing protocol. The results are discussed in terms of the ecology of the species and fishery assessment programs.
MATERIALS AND METHODS

Sampling and study estuaries
Retained commercial catches of Acanthopagrus australis taken from beach seines in 3 estuaries, Clarence River (CR, 153°37' E, 29°43' S), Lake Macquarie (LM, 151°36' E, 33°08' S) and St Georges Basin (SGB, 150°59' E, 35°18' S), were sampled for length and age composition between February and July each year between 1995 and 1999. Whole catches or random sub-samples of whole catches landed on each of 15−20 sampling days per estuary and year were measured (nearest 0.5 cm below the fork length, FL). Because sampling was restricted to retained commercial catches, few fish below the minimum legal total length (MLL) of 25 cm (=22.5 cm FL) were examined. Sagittal otoliths were collected from random sub-samples of retained catches from each estuary and no more than 30 otolith pairs were collected from any one catch. Sampling was done during this time period each year as it generally coincided with greatest levels of commercial harvests, and pilot studies indicated that opaque growth zones were not deposited during this time. Between 200 and 600 otoliths were collected from catches from each estuary in each year. Each sampled fish was measured (FL) and sexed, and extracted otoliths were cleaned and stored until processing in the laboratory.
The beach seines used in each estuary had similar mesh dimensions and selectivity characteristics (Gray & Kennelly 2003 , Broadhurst et al. 2007 , with regulations prescribing that mesh sizes in the cod-end be between 30 and 50 mm, the bunt ≥50 mm, and the wings ≥80 mm. In LM and SGB, nets had a maximum headline length of 1000 m with a further 1000 m of hauling rope on each end, whereas in CR, nets had a maximum headline length of 375 m. Beach-seine nets were generally set in a semi-circular configuration from small (< 6 m) boats and hauled back towards the shore by hand or using small winches (Gray & Kennelly 2003) .
The 3 study estuaries differed in their configurations, waterway areas, catchment sizes and surrounding habitats. CR is one of the largest coastal rivers of eastern Australia, having a length of approximately 250 km and a waterway area and catchment size of 89 and 22 400 km 2 , respectively (www. dnr. nsw. gov.au/estuaries/inventory). CR has considerable freshwater input, extensive mangrove and seagrass stands, is surrounded by considerable agricultural land and supports one of the largest estuarine commercial fisheries in Australia. In contrast, both LM and SGB are shallow barrier estuaries (coastal lagoons) with little riverine input and constricted entrances to the sea. Nevertheless, LM is one of the largest coastal lakes in Australia, having a waterway area and catchment size of 120 and 700 km 2 , respectively. It has extensive coverage of seagrass, supports significant fisheries and is mostly surrounded by urban environments. SGB is much smaller, having a waterway area and catchment size of 39 and 407 km 2 , respectively, and is surrounded by a mix of urban and modified landscapes. The oceanic distance between CR and LM is approximately 500 km, and between LM and SGB 300 km. Throughout the sampling period, reported commercial harvests (tonnes per annum) of A. australis ranged between 21 to 47 t in CR, 13 to 46 t in LM and 8 to 21 t in SGB.
Age determination and validation
Sectioned sagittal otoliths were used to estimate the age of A. australis as preliminary examinations identified that whole otoliths were harder to read than thin sections, particularly for older fish, because of the stacking of growth zones near the otolith margin, a feature common to other Sparidae (Smale & Punt 1991 , Buxton 1993 .
One sagitta from each sampled fish was embedded in clear resin and sectioned (0.25−0.30 mm) in a transverse plane through the focus using a low-speed saw fitted with 2 diamond blades. Both sides of the resulting section were polished on lapping film (0.09 mm), after which each section was mounted on a glass slide and viewed under a binocular microscope with reflected light against a black background. Otolith sections displayed a pattern of narrow opaque (light) and broad translucent (dark) zones. Assignment of age was based on counts of completed opaque zones between the focus to the outer edge of the otolith along the line of the sulcus. Sections were interpreted independently by 2 people without knowledge of the length or sex of the fish, or the date and location of capture. A third reader interpreted all discrepancies and a final age was based on consensus among readers. Assignment of age and year class was consistent across years and estuaries because all samples were collected within the same 6 mo period each year. Further, there was no need to adjust assigned ages based on the time of collection of samples as the formation and completion of opaque growth zones occurred outside the sampling period (see 'Results: Ageing and age validation').
Marginal increment (MI) analysis was used to determine the periodicity of formation of opaque zones on sagittal otoliths. At least 30 A. australis were sampled from catches each month between November 1996 and 1997 from the CR and processed for age determination as described above. Sections were examined, assigned an age and an otolith margin condition of either opaque or translucent. An image processor was used to measure the distance from the otolith focus to each successive opaque zone and to the otolith edge. All measurements were made along the dorsal edge of the sulcus to the nearest 0.05 mm. The MI was expressed as: (1) the distance from the first opaque zone to the otolith edge as a proportion of the distance from the focus to the first opaque zone for fish with one opaque zone, and (2) the distance from the most recently completed opaque zone to the otolith edge as a proportion of the last completed increment for fish with 2 or more opaque zones. Mean (±1 SE) MI was calculated for each separate age group and for all ages combined for each month.
Aquaria-held juvenile A. australis were used to validate the occurrence and timing of deposition of the 1st opaque growth zone on otoliths. A total of 165 wild A. australis ranging between 5.5 and 17.5 cm FL were collected using research seine nets from the Port Hacking estuary (151°13' E, 34°07' S) in March 1999. Upon capture, the fish were transported to the aquaria facility at the Cronulla Fisheries Research Centre (10 min boat trip). Here they were given a mild antibiotic bath (oxytetracycline [OTC] solution at 0.1 g l −1 seawater) and transferred into a 5000 l tank that had flow-through seawater (directly pumped from Port Hacking) and was maintained at near ambient water and air temperatures and exposed to natural diurnal cycles. Two weeks following capture, all A. australis were given a course of medicated feed containing OTC (100 g) over 10 d. This procedure successfully marked the otoliths of 88% of individuals, with the OTC mark being visible on sections of otoliths using a UV light source. For the duration of captivity, fish were monitored and fed high-protein fish pellets once a day.
Every 8 wk between June 1999 and March 2000, 10 individuals were sampled from the tank, euthanized and had their otoliths removed and processed for ageing as described above. The distance from the core and the OTC mark to the otolith edge was measured and, if present, the distance from the otolith core to the first opaque zone was also measured. All measurements were made on the outer side of the sulcus, on the ventral lobe. The experiment was terminated in March 2000 as all remaining fish died from a disease.
Length-at-age relationships and growth
A 3-factor ANOVA was used to test whether the length-at-age of A. australis differed according to gender, age class (2−10 yr) and estuary (all fixed factors). A separate 2-factor ANOVA was used to test for differences in length-at-age according to gender and age class (2−14 yr) in CR. Multiple comparisons were used to determine differences among specific means for factors identified as significant in the ANOVA. Mean length-at-age of each gender of A. australis from each estuary was determined and graphed. Growth could not be adequately modeled and von Bertalanffy growth parameters could not be determined due to the absence of juveniles and the truncation of length data at the minimum legal FL. Therefore, gender-and estuary-related differences in mean length-at-age were used to infer patterns of growth and longevity.
Length and age compositions
The length and age compositions of retained catches of A. australis were generated for each estuary and year. The age compositions of populations were calculated by applying separate estuary-and yearspecific age−length keys to the relevant length composition data for each estuary and year (Lai et al. 1996) . The mean length and age of retained catches were determined for each estuary and year. A 2-factor PERMANOVA (Anderson 2001 ) was used to determine whether the length and age compositions of populations differed among estuaries (using years as replicates) and years (using estuaries as replicates). The percent contribution of fish in each length and age class was used to classify populations using the Bray Curtis dissimilarity matrices with results displayed in 2-dimensional MDS ordination plots (Clarke 1993) . SIMPER analyses were used to identify which length and age classes contributed most towards differences in compositions among estuaries.
Mortality and exploitation
Estimates of the instantaneous rate of total mortality (Z) were calculated for each estuary and year using the age-based catch curve method (Ricker 1975) . For each analysis, it was assumed that the most abundant age class in each sample (between 3 and 9 yr; see Results) was fully recruited to the sampled population. SE and R 2 values were calculated for each regression. Natural mortality (M ) was determined using the method of Hoenig (1983) , based on (1) the observed maximum attained age of 22 yr across the study (see 'Results'), and (2) the observed maximum attained age in each separate estuary.
Fishing mortality (F ) was estimated by subtracting M from Z, providing an estimate of exploitation rate (E) (E = F/Z) for each estuary and year.
RESULTS
Ageing and age validation
A total of 4992 Acanthopagrus australis were aged, with the overall agreement between the 2 readers being 88.3% and for ±1 yr, 98.7%.
The mean MI value of wild-caught A. australis in CR was high in November and decreased to a low in February, after which it increased to attain a maximum in September and October (Fig. 1A) . The greatest proportion of otoliths with opaque edges occurred in October, after which proportions decreased to February and remained relatively low until May, after which they increased. These results indicate that opaque growth zones were deposited once per annum and completed between November and February.
For aquaria-held juvenile A. australis, the OTC stain in sectioned otoliths was visible under UV light for 145 individuals. The first opaque zone deposited after the OTC stain was visible between August and October, after which no further opaque zones were observed when the experiment ended in March 2000 (Fig. 1B) . The distance from the otolith core to the first opaque zone was 0.48 (± 0.02 SE) mm.
Length-at-age relationships, growth and longevity
FL was a poor predictor of age as length-at-age was highly variable across genders and estuaries (Fig. 2) . The mean length-at-age of A. australis differed significantly according to the 3 main fac tors of gender, age class and estuary (ANOVA, p < 0.0001 in all cases) and the inter active effects of gender and age class (ANOVA, df = 8, 4462, F = 7.562, p < 0.0001) and age class and estuary (ANOVA, df = 16, 4462, F = 15.168, p < 0.0001). Multiple comparisons identified that the mean length-at-age did not differ significantly be tween genders for age classes 2, 3 and 4, but it was sig nificantly greater in females than males for age classes 5 to 9 (Fig. 3) . This indicated that females grew to an overall greater FL than males. The mean length-at-age of each gender did not differ significantly among age classes 2 to 4 (most likely due to the truncation of fish at the MLL and the subsequent under-sampling of small individuals in these age classes; Fig. 2 ), but it generally increased thereafter with each successive age class (Fig. 3) . The multiple comparisons also identified that the mean length-at-age did not differ among estuaries for age classes 2 and 3, but was significantly greater in SGB than both LM and CR for age classes 4 to 9 (Fig. 3) . For age classes 6 to 9, mean length-at-age was also greater in LM than CR. This trend was evident across both genders, indicating that the growth dynamics of A. australis varied spatially (Fig. 3) .
The largest A. australis sampled was 42 cm FL (age 6 yr) and the oldest was 22 yr (36 cm FL), both from CR. Estimated longevity varied among estuaries and genders, with the oldest female and male sampled in each estuary being 22 and 18 yr in CR, 14 and 14 yr in LM, and 21 and 19 yr in SGB, respectively. 
Length and age compositions
A. australis retained from commercial beach-seine catches ranged between 20 and 42 cm FL, but catches in each estuary were primarily dominated by individuals between 22 and 25 cm FL (Figs. 4−6) . The mean lengths of retained A. australis were greater in CR (24.73 to 25.35 cm FL) and SGB (24.28 to 25.20 cm FL) than LM (23.81 to 24.07 cm FL). PERMANOVA indicated that the length compositions differed significantly among estuaries (df = 2, 10, F = 10.03, p < 0.01), with the pairwise comparisons indicating that LM was significantly different from CR and SGB (p < 0.05 in both cases), but CR and SGB did not significantly differ (p > 0.05; Fig. 7 ). The MDS indicated that the retained catches in SGB in 1996 and 1997 were most similar to those in CR (Fig. 7) . There was no significant (p > 0.05) global effect of year (pooled across estuaries) on length compositions.
The retained beach-seine catches contained A. australis aged between 2 and 22 yr, although individuals less than 10 yr were most predominant (Figs. 4−6 ). The mean age of A. australis in retained catches was approximately 2 to 3 yr greater in CR (range 6.80 to 8.18 yr) than LM (range 4.49 to 5.22 yr) and SGB (range 4.23 to 5.05 yr). The age compositions differed significantly among estuaries (PERM-ANOVA, df = 2, 10, F = 14.90, p < 0.001), with the pairwise com parisons identifying that each estuary differed from all others (p < 0.01 in all cases). SIM-PER analysis in dicated that these differences were mostly due to the greater occurrence of the older age classes in CR compared with LM and SGB. Twenty percent of fish were 10 years or older in CR, whereas this value was 1.1% in LM and 3.2% in SGB. The age compositions did not differ significantly (p > 0.05) by year (pooled across estuaries). The age compositions in LM were least variable across years compared with both CR and SGB (Fig. 7) . The annual progression of some age classes in CR could be followed across the annual samples; notably, the relatively strong 1988 and weak 1989 year classes could be tracked as age 6 and age 7 in 1995, up to age 10 and age 11 in 1999 (Fig. 4) . The progression of specific age classes could not be followed in either LM or SGB.
Mortality
Estimates of Z ranged between 0.41 and 1.17 de pending on the estuary and year, and were generally lowest in CR and greatest in LM (Table 1, Fig. 8 ). Because of differing age compositions, the age range used in each catch curve analysis varied among estuaries, and in 2 instances between years within an estuary. In CR and SGB, Z was relatively consistent among years, varying between 0.41 and 0.54 in CR and 0.62 and 0.65 in SGB. The precision of Z varied among estuaries and years, with the R 2 value generally being least in CR. Based on the maximum aged A. australis in samples being 22 yr, M was determined to be 0.19, with corresponding estimates of F ranging from 0.22 to 0.98, and E from 0.53 to 0.84 (Table 1) . Both F and E were generally least in CR and greatest in LM using M = 0.19. When the actual observed maximum ages in each separate estuary were used in calculations, F and E for LM were greatly reduced so they more closely resembled those values obtained in CR and SGB (Table 1 ). Estimates of F and E were similar among years in CR and SGB, whereas they were more variable in LM. Except for LM in 1999, all estimates of F were >M.
DISCUSSION
Ageing
It is essential that ageing techniques be validated (Beamish & McFarlane 1983 , Campana 2001 . The MI analyses of wild-caught fish along with the aquaria-based study incorporated here identified that the opaque growth zones on sectioned otoliths of Acanthopagrus australis were deposited annually. In further support of this, the annual progression of the 6 and 7 yr age classes in 1995 in CR could be followed across the 5 yr of sampling to become the 10 and 11 yr age classes in 1999, further indicating that the counted opaque growth zones were annuli. Moreover, in a separate study, the otoliths of several recaptured A. australis that had previously been injected with OTC and released into several estuaries displayed a general deposition of one opaque growth zone per year of liberty post-OTC marking (Ferrell 2000) .
The spring−summer timing of opaque growth zone deposition on the otoliths of wild-caught and aquaria-held A. australis concurs with that of a diverse range of teleosts in southeastern Australia, including Platycephalus longispinis and P. richardsoni (Barnes et al. 2011) , Liza argentea and Myxus elongatus ), Sillago maculata ) and Rhabdosargus sarba (Hughes et al. 2008) . The data indicate that the 1st opaque zone in A. australis was first visible slightly earlier (August to October) than successive opaque zones in wild A. australis (September to February). This was probably due to the younger fish growing faster and therefore the opaque growth zone being observed slightly earlier (Smith & Deguara 2003 , Hughes et al. 2008 . These broad results support the hypothesis that completion of opaque growth zone formation on the otoliths of fish in this region generally occurs over the spring to summer period, but the exact timing within this period can vary according to latitude and year , Stocks et al. 2014 . Ageing of fish outside of this period can be done without the confounding problems of interpreting otolith edge condition for ascribing actual age (Fowler & Short 1998 ).
Length-at-age, growth and longevity
Because the data collected here were limited to legal length fish, the estimates of mean length-at-age for A. australis aged between 2 and 6 yr were proba- Table 1 . Estimated instantaneous rates of total mortality (Z) with corresponding SE and R 2 values and the age range used in each catch curve analysis of age composition data from beach-seine catches of Acanthopagrus australis taken in each year in the Clarence River, Lake Macquarie and St Georges Basin. Estimated rates of natural (M) and fishing (F) mortality and exploitation (E) are also shown. Calculations are based on the observed maximum age (22 yr) across all estuaries, or the observed maximum age in each separate estuary: 22 yr in Clarence River, 14 yr in Lake Macquarie and 21 yr in St Georges Basin 1995 1996 1997 1996 1996 1997 1997 1998 1999 1998 1999 1998 1999 Age (yr) ln Abundance Fig. 8 . Catch curves of retained Acanthopagrus australis catches taken from commercial beach seines in the Clarence River, Lake Macquarie and St Georges Basin. Filled squares included in catch curve calculation bly overestimated, with the fastest growing individuals in these age classes being selectively retained in catches each year. Inclusion of sub-legal length fish (< 22 cm FL) is required to ascertain the true mean length-at-age within these age classes and to determine growth trajectories across all life stages. Nevertheless, the data presented here indicate that A. australis has fast growth during the first 2 yr of life, after which growth slows, most likely due to attainment of sexual maturity (see also Pollock 1982) . These data also provide unique insights into the potential plasticity in length-at-age relationships and growth, and concomitant effects on population assessments of A. australis.
The length-at-age data demonstrated that A. australis has variable growth dynamics, with gender and estuary being significant contributors to such variation. Mean length-at-age was generally greater for females than for males for fish aged 4 yr and older, and females also attained a greater observed overall FL than males (particularly in CR). These results suggest that females grew faster and attained greater FLs than males (a previous study on A. australis did not discriminate between genders; Pollock 1982). This result is consistent with reports on many other Sparidae (Morison et al. 1998 , Pajuelo & Lorenzo 2000 , Pajuelo et al. 2006 , Alós et al. 2010 ), but gender-related growth patterns in contrast to this are apparent within the family (Pajuelo & Lorenzo 2003 , Brouwer & Griffiths 2004 , Dulčić et al. 2011 ) and can be confounded due to the prevalence of protandric hermaphroditism displayed by several species, including A. australis (Pollock 1982 , Buxton 1993 , Pajuelo & Lorenzo 2000 , Abou-Seedo et al. 2003 , Pajuelo et al. 2006 ). Further work is required to determine the levels and effects of hermaphroditism on s exspecific growth rates of A. australis.
Changes among year classes in mean length-atage indicated that growth of both genders was greatest in SGB and least in CR for fish 6 yr and older. Geographic (latitudinal) and estuary-related differences in length-at-age and patterns of growth are common among estuarine and coastal fish, including Sparidae (Sarre & Potter 2000 , Bedee et al. 2002 , Benchalel & Kara 2013 , Stocks et al. 2104 , and can be influenced by various biotic (e.g. genetics, food availability) and abiotic (e.g. ambient water temperatures, hydrography, freshwater flows) factors (Choat & Robertson 2002 , Sinclair et al. 2002 , Williams et al. 2007 ). The marked differences in geomorphology and hydrography of the estuaries sampled (particularly between CR -a large river -and the other 2 estuaries, both coastal lagoons) and concomitant effects on productivity and trophic dynamics probably contributed to the observed differences among estuaries in length-at-age of A. australis. Nevertheless, the geographic patterns in length-at-age displayed here contrasted another teleost cohabitant, Girella tricuspidata, which displayed faster growth in CR than in other estuaries, including LM and SGB . Further, 2 mugilid species had greater mean lengths-at-age and growth in LM compared with SGB ). In a similar way, different species of coral reef fish display contrasting degrees of variability in demography among the same reefs (Williams et al. 2007 ). Although it was not possible to isolate the specific mechanisms responsible for driving the observed differences in mean length-at-age and growth of A. australis here, it is evident that such factors do not influence all teleost species within these estuaries in the same way.
The maximum age of 22 yr for A. australis reported here was greater than the previous reports of 6 to 12 yr (Pollock 1982 , Kailola et al. 1993 . A total of 130 fish aged greater than 12 yr were sampled in the current study, which may have been due to the greater scale of sampling across several estuaries and years than in previous studies. Estimated longevity of A. australis was influenced by estuary, with fish not exceeding 14 yr in LM, but attaining 21 yr in SGB and 22 yr in CR. Observed longevity did not differ greatly between genders (19 compared with 22 yr for males and females, respectively), which is concordant with reports of other Sparidae (Sarre & Potter 2000 , Dulčić et al. 2011 . Sparids display a diverse range of longevities, with the recorded maximum ages of some estuarine/coastal species elsewhere exceeding 40 yr (Horn 1986 , Buxton & Garratt 1990 . It is possible that A. australis could potentially reach greater longevities than observed here, as it has been reported to reach lengths of 55 cm FL (Kailola et al. 1993) . Fishing may have reduced the proportions of older fish in these populations, as reported for several other exploited fish species in eastern Australia (Silberschneider et al. 2009 , Stewart 2011 .
Length and age compositions and mortality
Variations in length composition of retained catches among estuaries were more subtle than variations in age composition, and were greatly influenced by the proportions of fish > 25 cm FL in catches. The mean lengths (and ages) of A. australis in retained catches were consistently greater in CR and SGB than in LM, with CR having a greater proportion of fish between 25 and 30 cm FL than either LM or SGB. Despite these variations, A. australis within 5 cm FL of the MLL dominated the length compositions in all estuaries. This pattern has also been observed in the retained catches from other estuarine commercial fishing gears, including gillnets, traps and otter trawls , Gray 2002 ) and has been a feature of the length compositions of commercial landings (combined across gear types and estuaries) of A. australis sampled over the past 50 yr (Fig. 9) . Unfortunately, these historical length-based data do not provide any information on the underlying age compositions and age-based demographics of catches necessary for assessments. The length-at-age relationships, age compositions, longevity and mortality schedules of the species may have changed greatly during this time period even though the length distributions have remained relatively stable. As observed here, the age compositions of retained catches of A. australis can differ markedly even when corresponding length compositions differ little.
Several age classes contributed to the retained beach-seine catches, with the relative abundance and dominance of any particular year class varying among estuaries and, especially in CR, among years. Recruitment of A. australis to the fishery most likely varied accordingly, and although the causative mechanisms of such recruitment variation could not be ascertained here, the large variation in length-atage of A. australis meant their age at legal length and subsequent entry to the fishery ranged from 2 to 10 yr. Such protracted recruitment to the fishery probably provides protection to individual age classes from over-harvesting and reduces the effects of strong and weak years of recruitment on fishery productivity. This directly contrasts the situation for another estuarine sparid, A. butcheri, in which the fishery is dependent on the episodic recruitment of a couple of strong year classes (Morison et al. 1998) . These 2 species have different reproductive ecologies, with A. australis spawning in lower estuary and coastal environments and A. butcheri in the upper estuaries (Pollock 1985 , Morison et al. 1998 .
Because of the estuary-specific age compositions, estimates of mortality and exploitation varied greatly among estuaries, and for LM in particular were dependent on the maximum age used in calculations. Given the observed differential length-at-age dynamics of A. australis and that life-history traits are often correlated, it may be more prudent to use the observed maximum age in each separate estuary rather than a global maximum age in mortality calculations. Both F and E were reduced when this was done for LM. Nevertheless, across all estuaries, F was generally >M and E > 0.5, suggesting these populations were heavily fished. Despite this, estuary-specific differences in mortality schedules combined with differential age distributions could potentially lead to unique assessment outcomes and management scenarios for populations in each estuary. Estuary-specific differences in age composition and longevity could also potentially impact species reproductive dynamics and population replenishment. The older females of several teleost species produce higher quality eggs and larvae, potentially enhancing population and fishery sustainability (Berkeley et al. 2004 , Sogard et al. 2008 . Although linkages among populations need to be considered in such assessments, this further highlights the importance of assessing age rather than length composition in examining potential fishery and other anthropogenic impacts on species population ecology.
The data presented here demonstrate that it is not valid to extrapolate results among estuaries or from one estuary to the entire A. australis population. Spatial variability in age-based demographic parameters of other exploited Sparidae is common (Vitale et al. 2011 , Benchalel & Kara 2013 , with the observed variability in the derived demographic parameters of A. australis generally being greater among estuaries than among years within each estuary. Nevertheless, a greater time series of data is required to determine whether the patterns presented here persist temporally and represent a stable state and the natural condition of populations of A. australis in each estuary. Moreover, the rates of immigration and emigration and movements of A. australis among estuaries need to be quantified and considered in future assessments.
It could be argued that differences among estuaries in age compositions and rates of mortalities of A. australis reflected differences in harvests. The reported commercial harvest data do not support this hypothesis as despite CR having on average the greatest reported annual harvests and more than double the annual harvest of SGB, the population in CR consistently displayed the lowest rates of mortalities and had the greatest proportions of older fish in catches. Other factors, such as total available biomass and the quantity of the non-commercial harvest in each estuary, need to be considered in such examinations. The total recreational harvest of A. australis is generally assumed to be much greater than the total commercial harvest, with direct comparisons in several estuaries documenting this to be true (West & Gordon 1994 , Henry & Lyle 2003 , Rowling et al. 2010 . LM and SGB are now closed to commercial fishing, with only recreational and indigenous take allowed. Clearly, the quantities and population demographics of the recreational and indigenous catch need to be considered in any future work investigating fishery impacts on A. australis.
Consequences for population and fishery monitoring and assessment
A common challenge facing management agencies is how to most efficiently and cost-effectively monitor and assess species taken in small-scale, multimethod and multi-sector fisheries. For A. australis, length is a poor indicator of age (see also Ochwada et al. 2008 ) and length composition cannot be used as a surrogate for age composition. This is also evident for other co-occurring species, notably G. tricuspidata . It would therefore be unwise to base an assessment program of such species on length alone, as potential spatial and temporal changes in important age-based demographic parameters required for assessments would not be detected.
Given the variable and spatially distinct lengthat-age relationships, separate age−length keys are required for each sampled estuary and year, which could be costly to obtain depending on the number of estuaries examined. Age−length keys should not be transferred among estuaries or years, as this would mask and confound potential spatial and temporal differences in age compositions and demography. This scenario may also apply to other medium-to long-lived estuarine and coastal teleost species that display spatially variable length-at-age relationships, such as Cynoscion nebulosus (Bedee et al. 2002) , Epinephelus morio (Lombardi-Carlson et al. 2008) and G. tricuspidata (Gray et al. , 2012 . Whilst linear modeling that uses other covariates of age, such as otolith weight, sex and location, have potential use and may be more cost-effective than actual direct ageing of samples, they need to be tested and validated across appropriate spatial and temporal scales (Ochwada et al. 2008) .
The variability observed here indicate that age compositions and rates of mortalities of A. australis would differ among other estuaries, and thus monitoring of only 1 or 2 estuaries as indicators of the entire A. australis population or fishery would not suffice. It is not feasible to sample every estuary, so it would be useful to know whether populations in estuaries located close together display more similar age compositions and demographic characteristics compared with populations in estuaries located at great distances. Sampling catches over a hierarchy of spatial scales across more than one year is required to test this hypothesis. Potentially, if the age compositions in nearby estuaries were most similar, then it may be possible to sample representative estuaries within a region to give an overview of the total population within that particular region.
For a more global assessment of the entire stock, an alternate option could involve stratifying sampling across a subset of estuaries according to expected catch (based on immediate past history). For example, the top 10 estuaries that make up over 50% of the total reported catch could be sampled to potentially provide a global population assessment. Such an approach, however, would not provide information on individual estuaries and may not provide management agencies with the required resolution of data required for assessing the performance of estuaries with different harvesting strategies. This would be particularly true for the many estuaries that permit only recreational and indigenous fishing.
There is a need to investigate the feasibility and cost-effectiveness of incorporating recreational catches as well as fishery-independent research surveys into sampling strategies for A. australis and other cooccurring exploited species to provide rigorous and standardized population assessments across the breadth of estuary management types. The data provided here can help develop suitable sampling strategies that ultimately need to be tailored to specific management questions. 
